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NITRIDE SEMICONDUCTOR LIGHT EMITTING DIODE 
Publication Number: 2002-033512 (JP 2002033512 A) , January 31, 2002 
Inventors: 

• NAGAHAMA SHINICHI 
Applicants 

• NICHIA CHEM IND LTD 

Application Number: 2000-212932 (JP 2000212932) , July 13, 2000 
International Class: 

• HO1L-O33/O0 

• HO 1L-02 1/205 



PROBLEM TO BE SOLVED: To provide a nitride semiconductor light emitting diode which has a sufficient 
Ught emitting area and is excellent in quantum efficiency and linearity though the diode uses a substtate ,m 
wfdch low-dislocation density areas and high-dislocation density areas alternately exist like the ELOG-grown 
suhstrate SOLUTION" The LED chip of this nitride semiconductor light emitting diode is formed m such a 
SS^SS'ioS a plurality of low-dislocation density areas 34 and high-dislocat on density areas 32 by 
us'ng a nitride semiconductor substrate 16 in which the areas 34 and 32 alternately exist in short cycles and 
cuSs are concentrated to the areas 34 by means of current barrier layers 24 provided under a p-electrode 26^ 
T^ ba^r layers 24 can be formed by using AlGaN, etc., which forms a Schottky junction with the p-electrode 
26. COPYRIGHT: (C)2002,JPO 
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-H. 

lit*«2 ] WEWBHHM 1 . iiSia&mm&k ^ a 

i^psaflsftiW*Mik<oiat:a!*i6p'^r 

[ li*Jl4 ] Mfa€SKKMJg# . A 1 , G a i. „ N ( 0 

[ it #* 5 ] Mfamsa$s*#. a i , g a , . x n 

(0. 5<xSl ) *»6«4ik*WfSki"4»*fl2 

h z k *wak-r i lemcoa^^^^^r 

t»«S<ifc^x^**irf* £ k S«fSk-f4W«JB 

i lam^a^^zitt^r *- f . 

[«*«8 ] iffEvx^a*^ 1 2 o omko 

&js. »fty-f*. $Mt*-f*. m\tf-?y. mcViv 

*: i i k arwafc 7 tam^a^ 

[1U*JI9] 1ME*«#. ffiKtl«*««k»«ffiaf 

iTJta^MiMW****^* - k £#mk-r sit ^ 1 

[0001] 

n,Al,Ga,.,.,N. O^X. O^Y, X+Y^ 1 ) Srffl 
[0002] 

[ft*o8»] a-ftiB^^tiWfeXtiliEiSfe^JSSSJS 
tfi&&4lS-* (OT. LED) OtmkL-T. 



mfc*&^*>*t& - k izx ot efeL e d k-r& i 

kaW-S.. SfeLEDJi. ftlflft, ffi?ff»U^kVW 
(i. ^r-fT^IWk^SMWlHMHRJift:. GaN 
[0003] 

[f6Bfl^*P^Li dk-TI.il®] L*>L. t7r^7^> 

[0004] z<7>tz#>. mttm^mtkzm^fcifeLE 

D<0^4^3»^(il 5—1 8%£it£-o-Ci3>3. Cil 

*«ttaufc«w>wt-*iB*»tt ( i - L«ftt> *> 

k # =5: v * k v> -o ^11 1> 3b ^> . 
[0005] -U. ig^. «fc OttlMittftfffcBflSHJ* 

^Ht^ri^^^^-^^ELOG (Epitaxially Laterall 
y Overtrown) jatftft*<B»S$<lTV^. S^tWIMi* 

[0006] ^Ji.<i\ t7T'( T**5S8£«±fcJ&£ 
^^a^^U^AitcS i 0 2 lfO^X^$r^W 

s i o 2 ±umwvvj*immf8£:L%^fz 

rt. ■v^^^fLTV^v^tgSr^ig^kt-C, a-ft^' 
WM.ifiWJiftt.ZtfLWth. LtztfiX. Si0 2 ±tc 

[0 00 7] L*»t. Z\o L^ELOG^St:«J:l»a 

fffl&P 10-15 mcojf ^W^X b 5 -f 

viltJlSr^Sk-fl.. Z<Dtz£>. ELOG^S^5:ffl 

^rt. m^wz&mmi%M®t<m®.®!mm i 
vim^-thztimmx'h'yfz. 

[00 08] ZZ\X\ ELOG^^a^fiOJ: 
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[00 09] 

iz *WW4.«E±fc:. niSHI*tilWJ:. p^ 

[ 0 0 1 0 ] HP*k *»LEDI1 

L 4fc, «B»»BU:J: , 5fi!(Kffl**fW*K«tt** 

too 1 1 ] c^-c. w6ffi«ft(H«a^«iKffl*K« 

®k tt . *{ffiffl*3fc 9 fcflFfc*" 

mM^wmm^hwm^^y bx-yf-y^i&t: 

JEktTJi. 1 x 1 O'Vcm^TT'J^. #4L<(i 
1 x 1 OVcm'OTk&Si^f 
flfcoKKWKfc LTfcL lxiO»«/cm*teLhTft9. 
KRS*«£v**££tt 1 x 1 0 13 /c m2fcLbk>5:l> fc^-C 

[00 1 2] *JHHtf>LEDfc:*NVC. pSBflSltMi 1 * 

hwc. pini:W*ianiiW 

t ^t> p aa-ft**!**** k n aa-fcWWfWBo 

m+tl»-k* < T'^l». £iifcJ:9* »#Jirtfc*s»t* 
^^mS^^flHH LT . HftS^aW* L E D iOrt SSft 
^HWiRtf I -L^'J-TUf^ Sri6]±-Tl.^k* < 



[00131 WOtMtt* &JStt®k x 3 -y h^rfg^ 
•ffcaflSft**** Al,Ga,.,N (0<xg 

1) Jffl^«tS:i*«^. i*ifcJ:0. p 
Sffl^S«®k«^aiikc0^t^3 v h*Ra## 

tf^WH^V^yrxW^ (E g ) 
<&9 pSffl^JS««ik^3 t h*m£l>%<%&. 

ii a i •grfr*jwsv*e**'j-c* o . a i ( = 
[ o o 1 4 i cawajifcflww"**^* 2 !*** 

nm'mZ nlL k-r I. - k o -C, pS 

y 3 y^co nlh'-A7 h i k (c J: 9 , if* 

[0 0 1514*:. WBWtaftSMP***:*-''* 
S.i 0 2 X(±T i Ot^lk^ftRttlMlStt 

[0016] Tmmz^hwmt. 

CBRSgSix*^*** Wit*. ELOGjft*ttfc*->T» 
^fifca^WW***^^*-*:* 1 ^**' EL 

Kii^^kiSKii^E^^^ffi^^^^S^m 

[0 0 171 4fc, -7x?A7-y(:ft^, j^W^ 
xb^r«, ^ttxttWRfcjeja^^aflSft^ 

«« Lfca^wH^**t=«iRfflaf«fw«k 

[00 18] 

h i ~ 5 ^^-r»T®ii^*3^T , mmcoffig-otzib 

[00 191 HS£<^©1 . 

Hltt. *^l^«»a^^*LED<0H5i]$r^-r 
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(o^x, o^y. x+y^i) m-vmsix-h 

MM 2 2 St/vittJl 2 0 f 4 . nlil 8 (D-UtmHit 
Sid^x-y^y^ix-CfcO. ^UtiiHCiw/A l 
*t^l£&nMmffi3 0a^j££fx-t^l>. — #. Pi 
J12 2<7>(5(?:£ffl(-. N i /Aul?<7>&JffiII&A i <ol£& 

m%&v>pmwM (=&mnm) 2 6* { pm®2 2^ 

-S-y^SfiSTrSi^^^^^''^. pit 
2 8M££ixT^&. 

[00 2 0] 2^1 6(4, t7r^ T^MS^l 0 
_L(C. Xhv-frt^SiO^X^^Jffl^M 
^*»J^All4SrELOG^§-ti:-rBS;0. -e^SiffiC: 

(4 . ^fmmmm 32t m£&.®g.mt& 3 4 a^sic 

^LT^I.. f£K»f.i>4o(c. vx^SrfflV^E 

LOGjfcSS^fcWt. iS^(a^JK^3 2{4. 

? 1 2 O^ct)^ (S^«{3 2a)t, -7X9 1 2 <7)* 

(&-&fgi$3 2b ) fcC:3Ux£. &U1 6^±CXtf^ 
df^-v;^^$-*^nSiil 8. *S1±Jf 2 0&tfp3Ul 
2 2fc:(4. H^iS-C^-r J: d (c, g^l 6?)Siffii:ti 

t, /vy^y^£ftU"dS*£(4. £«1 6&tA'iSttJi2 

[0021] ifflgft^JglHtg 3 2 cO±^TS>^T , pI 

2fcft¥8fM t p sm® 2 6 (vmzii . mssKMii 2 

4 tfM&ZtlX *5 9 . vStt® 2 0 Srgtfl&mWKSsft 

3 4 £**-r & 4 d £ . «aoa»* wrr-t *tt 
2> fcAfc . ±m 1 2 afflo]wsfi?gs»^ 3 2 

tf) 3 J? JSffitt 3 2a <7)±^rt ft*«StftfiJi 2 4 Sr 

^sai-aoflsi****, /^k-t-ai.g 

ai- x N (0<xSl ) ^tttpM«S26 
£: ftffltCS' a y h *PH££JS«W- & - 1 IZX o T L E D 

[ 0 0 2 2 ] 02 {4, *&mztonhm.mmw&3t 

(401 icJt^TjSB&ftLT^S. 0(c^-r«fca(^ pi 
®H2 6*»&nS®ffi3 OC^oTsSixSm^, B 
SlKMji2 4^^$^TV^^(a!ig{a^Jg^3 4 A> 
t>W*lW>* v§1±®2 0. RtfnIUB18 

&MTnIli3 0i:l5, H&C:. pSa^k**** 

1(4, naafttt^fWiJ: 0 liWssm^wmztt 

Ztcth. pg«2 2rt*jlift-r4i*fc:tt«8fBi**0ffi 
£\ nMtpMoStit$£0lt(41 : lOOmS-CfcSC: 



tlz±*<1gm-t&1*<7>X'bh. LtztfiX. 02(*^ 
-t4o(C *g1±J12 2(;:fcVvCL. mSSMJf 2 4(C£ 
4«8SBIi»lWIH<^a*(4ltl*«*i. fl£*K&®E«$3 4 
WES****?- * . £ *t(-i 0 . iStW 2 2 flClfctt & 

rt*l»?»*#rtl±U ifc, ^«8TilS(ci3(tl» I -L 
^tt<50 'J -7'Jf-f *Wcix£ . 
[0023] «8SPttMI2 4t*jK-r«A 1 ,Ga H N 
(4. A 1 ^tt*IWiiC* { *# <^0. itfttt 

pMmiifcfilS-t&N iX(4Au^<0^JSi:^3 v t-* 

^-rsja^*^(4, a i ***3W«v^e**i"c* o , 

^ 0 m8Pi^MJi2 4i:^-tSpMJi2 2c7)S±Jl 
(4, NiX«Au9pW^*i:3t— S-y^S^tSWM? 
#259. <yUt4. Al 5r-t-i^rV>GaN(c4^T^$ 

tiTv^i>„ wsmmm24iz. wm<r>mmzW)±-? 

h tzMzX' * S «f W«««rirc* *ik AT* o . 
P 2 2 c0±(c:x t ^ # l> ffifi£T$> l> 

[0 0 24] ifc. A l x Ga 1 - I N*^^,l>«8fiKM® 
2 2^J^J¥(4. h>*)VmWLcom&ZWli'&e>liZ+-ft 

Kjmh-rkxmtfh*). »^t<(4iooAm±fc-r 

4. £tz. A l.Gai-.N (0. 5<x) frbfc&Mdti. 
^M«2 2Sr. GaN#A>^l)paii2 20±(^^-r 

ft. 0 . 1 xx mJUT. # * t < (4 5 0 0 AjaTfcJWW 
[0025] ^^c. «8f»MMl2 4 fc L"C> / 

saaratfcnaiA l.Gai-.NiKisufc^. m»£ 

KMS 2 4^ nSa-tttt^W*!: "T* - 1 C J: 9 . «3t 
^MJf2 4hpSii2 2 fc^J^tdiM^rim^^^ TXfc^r2> 
pnl^^ML, KKffi*«ffl«3 2*ai(W*«Je 

[0026]^, m^ets* 2 4 1 tr . affl&m 
mzK*.x. s i o 2 x(4T i o 2 &(DimxmimzB 

[0027] mz. mmi eiz-o^xmpftth. 03 

(4. ffiSU 6^)iBSr«^S*i1RSifiiiBlT*4. -9-7 
r-f T»K1 OcoHz^-yyrM (0^-f) 
•frTt^fc, ryb'-7°GaNgl 1 £j&S$-t*:.2>„ WEI 
0\i+r?T4T<7)M. SiC, ZnO, Xf^K Ga 
A s «Bfc1fc¥*f*£ |S*S fcft t» feil-C V ^* , 

[0 0 28] ^(CCK^ryh'-rGaNiil lft^ft 
f*. 03 (a) fc^tioC, CKDGaNll l<7)^ffi 
(C, Xhy-i7ViCD7*b-?X7£mfSi.L. Si0 2 J: 

9$r!>^*? 1 2ZW&rt-h. -7X9 1 2<DBtf.tLX 
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l^tf. TyH-rGaNifl 1 OSUiJSfrJh IP*>VX^ 
#»jR3*VtV*6rV*Wi > (*«) «t0t-?X7 1 2<7M 
mSr^#<1"«»^*^ SSflXPi^&^GaNJf 1 4£ 

it^m (si o x ) . aft^*(si,N,) . me. 

f^y(TiO,), SHb^VPa-^A (ZrO x )f« 
BMH*, SMH*, i.tzZ.tit>n&WKP>te* 1200*0 

&*r?x?«Btt, mfcSiMHi*«)jft*iifl66oox:- 

[00 29] 1 2imm&, H3 (b) t^-fj; 

oK, 7^F-7GaN 1 4 J&ftS-tfS 
GaNJB140ff*U*j£«M»4. 5fefcJBjRtfc-7^ 
? 1 2cr>mm. *%ZI,z£~>X 1 2 

Zitz. zcdxo t.zmtttottmftwmfk uz < \, hsk* 

^TfSVX^ 1 2<0^H±t. ff^ripJfcGaNjfl 4£ 

j«8**#i&nBirt-64: » 1 2<o±fc 

t4G a NJf 1 4 JS»^r > F-rG a NJf 

1 10)±fcGaNJil4jW8SUS£S;h.4. 
[00 30] Rwc. 03 ( c ) CStJ:^:, GaN 
M 1 4 tf)jfcK£MU--i> i: , GaNl 1 4 **atfr|*it:iS* 
LX. ~?X9\ 2<7)±tcav^^§oT^T#. R»Ufc 
Sg^J&RLftGaNJfl 4H±-CO*3&*-3T, 
1 2co±HGaNJi*%ftt7t* i Oj;-5 5 5r^i: ; 5rS. 
OS*}. GaNJl±fc:v.X?12£tfLTGaNJI14 

[o o 3 1 ] zzx\ mmmwitmm^mwtnm- 
^cosxv-y^-^io. mnmwL<7)±i,zj8.£;Zti&m. 
m&mmzm$mz& < com^xm^m. t . c <o*§ 

mjjftizf&gztifcGsiNmi 4«. Maa^±tcii^ 

NJf 1 4 1 2±t«*l«HCI*ft-r«ii:CJ: 

Lfzifi-oX. Zo LTf£ft£-£*:GaNJf 1 4(i, 
»S«»»feie»J«*UfcJS««3 2 aS.tXfit^Tl6ltfig 
£ Lfc G a N Jf 1 4 *<SV HC&1=r 3 2 b £ 

wave, m&<m.W}?%^m&b%h. rvn-rGa 

NJf 1 l<7)fe{4(±l 0 1 <>/ / cm2mJh&&#. 

X h G a NJf 1 4 <^KllEffi«JKfflW3 4 fcfclt&iKftli 

1 0 8 /cm* JaTfcHir>S 

[ 0 0 3 2 ] ft, SMfctf'J *? AJf 1 4 Sr-HJ-*«HC» 
BfltfU^AJIl 4i^ho^as«i 0^ 



[0033] ifc. #»Uifc:*jvvc % 3HRi 614, ffiSS 
btVtt^. (JUff, S i 0 2 -?X;7£JlM-r!>-ftDK. 

-9-7 r -r rtsoaraetLfciaa* Lfz<mt# o v^mt 

ft) ^x-yf-y^LT-9-7r>fTS«^gP^tf8ti3$ 

h . «^***>»by 'J •> A»«$r^JS-r ?> £ fc 

^ xA-;Htft t < v ^fc«>, x h 7 Tlft^afl^U ? 
AJi*J«ft^h tT , S-fb^'J VJxtfmfifotz&L&t 
L-tzifi*>X.V7T4 TWBL<?>mmft<r>Uz®M: 

[0034]t^,-f7r-f TWcommgMtlZ&itfi 
j££S-fr*£k£«fcoT*«16£ll31l/tfc&V\ $ 

[0035] *HMO^lC*3^T«, nffiJi 1 8. vg 

ttJi 2 o , mtpwa 2 2 zmm Ltz^yj^^mm. 

WLED fcov^r »BB L-t^. *J6W«iiit=RR^*i.* 
S:SWiUfcpnflf^»JSOLED'C»-5T*>fbv^ 

[0036] mmomm 2 _ 

d ^^-rBr®0T'$> s . 04 ^-rfi-fkisMmiflcL e d 

(4, «Sa*fiJ12 4<OJgjfifi[1tS:l*V^Ts 3UlO»JBl 
tcfettsa-faWNHifttLE D i: |b]«T-?>^ . 
[0037] mfc<?MM 1 tCfcV^Tt4, 28^(7)^(4 
ttl£fHK?&&JM(tt3 2 aat>'«-&MiS3 2 b<7Dd 

. 3 2 aO±^fc^^m»iEKMii 2 4 Sr^fiKL 

fc. a(s»»0»JBfc:*JV^T»4» «-^^3 2b 

^uct mssa^MB 2 4 *jaaw-ft . ^ixt;4 o . » 

^®m(4^^r& tW. vSttil 2 0 (c*jff4IB6 
[0 0 38] ^Jfic0Jf©3 . 

0 5 (4 . *m&$m<wm 3 (zA&flftM¥«Mc l e 
vzmmmzhh. 05^-rs-ft^ i i i ^LED 
mm 6nmimv : ^mmm2 4<oMfm.wm 
^x. $m<mm. 1x1*2 tmmx-$>&. 
[0039] *mm<?>&miz&^xii. mm. 1 6^jt 

*< l ZELOG&g : Z2WffOZ\klZ£<9^ X*)WSm& 

wz%mitwmfcm*f8M2-<tz>. *r. 03^ffl 
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aSrffiwe lOSOELOGjfcRSrfi^. gl 1 S-fbtf 'J 
WI14aMI$«. S&Wt. 1H)!c7)ELOG 

2at|Slti^2'7X? 1 2b£Jgj£U 20S<O 
ELOGfgMffo. 2@S<OELOGjfcKfci^Tft2 
j£$fT.£Sil2g-fc#'J»>AJf 1 4b|:ll £fiftOJBJBl 

xt± 2 k raatwsfa«av*'S««^> 2 as^^teis® 

COJBSI 1 Xti 2 fcJfc*Tifi*£;h.T . 
[0040] £3 LT*fcftfc*Kl 6^*3**^ 
*- KtfWHIBifcJlMtU 2 fc|SfflH=, £ 

6. ;«:J:0, vSttJl 2 0 

<7>$£4 Sri 0 -S^*W^P$iJ LX . rt«S : H»*&tf 

[004 1] 
[0042] 

(Xfii ecomm) 24>i-<t>. (oooi)c®£± 
mt-$-&*t7T4 rmfai o^soo'cw, Ga 

o-Atf>HWrcj£*S-£fc», 1 0 5 O'CKLT 
Tyh'-rGaNJf 1 l£5vmmmX*1&g;Zit&. 

JiSK. A V 7r«J:0t)ffvWCjat*S*T, 10 

yh'-rGaNSl l<75J&f|f&. "v"*-^ 

tm^^L, C VD§ggM J; 9X h 7^7lSl 

&i>-?x? 1 2£o. \p.rci<7)imx*mfc$h. vx? 

1050°CT\ 7yH-7GaN 1 4 5: 1 Ojum^IUS 

0' o/c^XlX'h-otzifi. GaNll 4<7)&£&X.m& 
1 0«/cB2JaTT»-»fc. 

[0043] (nmmis) mz. nw.?y?7vm. 

JB 1 8 . ^"Ts 1 050°CT'. |5]t<Iim# 

xktmg. ryt-7^x. w^tfxtcs^ytfx 

Si 5-4. 5x 1 0 l8 /ctf H-rLfcGaN 
<t'5 : 5:l.nffl!lrjy^7h®$r2. 2 5;um?)$iJrej&R 

ftty^y^XcT^Srittf). 1 0 50*CT\ T 
MG, Ty^-TtfxSrfflW. T>"H— 7*G a NJBSr 7 
5tfy^xhn-Aol8IJI-ejfcfi£-ti\ £gwc|i]iSJgk: 
T>-7y#X£jIfl!lLS i £4. 5 X 1 0 18 /ctf H- 
r L*: G a NS £ 2 5 * y :/X ho-.A»tf>fflUrcj**3 



-ZTGaNmfrhK&Amt. S i H-7GaNl?rt 
■Tl> 2 55t-y^X hO-A^BSkJ&^^rS^T^^ 

ha-AJf^LT. j@t&^1fii<^JlJ£c}:9£Sn0t!lS& 
l^fflMSSr^^-frl). 

[0044]^:. mW.<7)T$Jg.X\ rvK-rGaNj: 
O&Sf^^gfl^SSttJf £4 O^y^X hn-Aj£ 

us-*. fttoass-soorfcL-c. tmg. tmi, 
ry^-rtrffl^. ryn-ri n 0 . 13 Ga 0 . 87 Nj:D 
&i>m i <o»fctt¥aKWB£ 2 o *y;/x h o-Aj^ft 

Stf*. *LT£ft&<O*ff£*0igU ^2+SSl?) 
*T2EEtc 1 OB^oWf $-12:. Sf££G a N J: 
&2aafc8l¥&fM9£4 O^y^X hn-A^I§^ 

mm-m&n&mmx n m&2$>mmm$: 6 40 

jfy^X b a- AO^J9T'^$ it § . 
[0045] (Stti20)<XC 7yh*-7GaNJ: 
OSrSPSSJf £ 2 5 0 ^y^X h n-AOjRJrcjfcSS 
»WCiIK£8 0 O'CfclLT. TMG. TMI. 7 
yt-7^ffl^7yK-7I n 0 . 3 Ga 0 . 7 Nj;^j:l.# 
FJf£3 0^y^Xho-Atf)Jg|Jrej&ft$-£S. -ft 
T1$M+#F+P£M+#F • • • • +PWtf5lR'C»»B 
£7if. #F«£6Jf. 352fc»JfLT. J£!DI19 3 
Otfy:/X hu-A?)^ftB^#F1?B£J: 9&6vS1£Jf 
2 0£j&££-»i:l>. 

[0046] (pai2 2)at> pW&mmfjvF 

h. &J£l 0 5 O'CtTMG, TMA, 7yt- 

7, Cp 2 Mg (y^D^y^y'I^l/Vny^A) 
Srfflvv Mg£ 1X1 0 2 °/cm3 H-rifcplA 1 0 . , 
GeL 0 . 9 N£r>%&m3<OmfcWmftmZ4O*y?' 

xhu-jxCD&mx'i&Mmt. m^xw&£8oox:iz 

LT. TMG. TMI . 7^-7. Cp 2 Mg£ffl^ 
MgSr 1X1 O 20 /cm 3 H— Tt/S I n 0 . 03 Ga 0 . 97 N 
J: 0 * * * 4 <02ftlftimwWi S-25^-y^xhn-A 
«OJSJITB£«$-frS. *LT£ft Dig U 

m3+^4om-c3£§:c5Ji-fom®u, &mzm3<?> 

mitWtmibm* 4 0 ^- y^x h a-Ao)lJ?-C'fife*$ 
$r3 6 5^y^Xho-Ac7)^iJ-C'^*$^^. «!v^-C 

io50*c-c\ tmg. ry^e-r. cp 2 Mgjffl 

V>. MgSr 1 x 1 O 20 /cm 3 h'^L/i P^G a N «fc D 
tth P y ^ 9 YM 7 0 0 y ^X h O-ACOIUI 

[0047] RfE^TfS. ias^ mia£T'Tlf . $ 
M^HM^. *J jL-^ZKfomSsftlZ&^X . 700 

[0 048] (mgi[KMJi2 4) »:tc. 1 0 5 O'Ct, 

iMxfcTMG, ry*-r^'x. TMA£ffl\,\ y 
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y F-7-A 1 , G a, N J; 0 ZZmSMMm 2 4 £ 2 0 
0Atf)I8£Jrej&ft$ii:ft. S i 0 2 ^X? 1 
Hfcffi^-TftfiH^LT, AI,Ga,. I Nl24^ 

[004 9] (pS«®2 6. nltffi3 0) JMC. ^ 

X?£«2)£U Ft I E (RJEtt-f ?ryx7fy/) 
T'pSS2 2ffl!l*^x-yf-y^Srfi : v\ Hl^-Tid 

cnin 8i*ic7)nffl!i3y^^ Ym<r>mm^^^ 
ft. 

[OOSOlXyfy/t, fi_IJIfc£>ftpSyi2 2#. 

tf«ssp$M® 2 4 £HoT . P mm 2 2 oitiar^iHtc, 

JU^OO^y^Xho-ACON i i: A u £-£tf jifttt 
C9pm®2 6J:. -e<?5p«fi§2 6^)±{;#>'7-'-f 
OAu i^rfpA'.? HmSB28SrO. 5xim<7)MffT 

h«c7)*tH^(iWi:A 1 ££-tfnmfi&3 O£0j£L 

[00 5 1 3 Jttfcfll. 

ELOGisfts-a:feafi«i6<w)fc:, larfctraw-* 

MKfcffivtfaSL RtfWaBWa*2 4£#fifcl/5:^jSi* 
U:. 

[0052] (£K) t7r^7 (Cffi) =t93rft*8£ 
^MOVPE^RJCgHSrtfc-fev bU ***SKL*3&» 
1 0 5 0*C£T'±#$-tf\ »K<0? >J 
--^^ff?, «Wt. *SJg£5 1 O'CiT'Ttf. * 
t!)7Wt*«. JJW^rxiCT^-TfcTMG (h 

lM^-/Mf'J^A) fcfcffil^ fflR16±£GaNj:9 

'<<y7rJ|jftJttiL TMG*>*jttf>-C» *SJ& 
£1 0 5 0riT"±#£-£ft. 105 0XHZ%-?tzt>. 

llt<JEFW.KTMG. ryt-rw^iu, rv 
[0053] mmmm/immiztsuxn^tifcLED 

m^i. )i^«S£2 0mA^JoV^T. 470nm«0M 

fcLEDKoivc, «SK-3tai*«rtt*«!5gL/SlS»& 
*-r^77T'S>S. H^-Tiot;. Jti^JOLEDlC 
*3V^T(i. 2 5 m AJ2ULT 'J — T U x 

4 & 9 , i&l 0 0 m A-cm&tttSSltCii t?t. 



mACfcV^Tt^lff^'J-T'Jx^^^LTiJO. 
1 2 5mAT'^ai73*^^C^t^. NM^SflS 
ffitf 10 0m AflH^M^fctPSWfcfflSg Lfc fc CL 
* » Jt®0IJ<O LED -msft 15-18 %T'$> o faOfctt 
U JOIW«LEDTIi2 0~2 2Xfcfll±l/Ovfc. 
[0054] 

[WHO**] *»«fcj:tar. tmmsmmnt-m; 
o.®!M.ffl&i) < M®Mz£j5:fc&&-$- ft mm^&wgM 

fcLEDf--yT£JBJftU P«S^>T«tcSft»-«:«S» 

[01 ] 0 1 tt , *9HB0!)3ldfe^E»B 1 fcffi ft Hft* 
*i*LE D fcSH-KsSKBBBrc** . 

[02] 0 2 {a . *»Pifc:« ft S-fb^¥»«t L E D (C 
fcttft «MIK£^«*Erca> ft . 

[03 ] 13 (a)H(c)ll *»SJfcHS«ffifc 

^-r<«B&x^0-c'*ft. 

[04 ] 04 tt, *3B5i*>£HW>#!IR2 tcffiftBttffll 
^ftLE D £ jj^aWriSEI'C** . 

[05] H5I4, *«WMWt«5«!ll3(c««Hft!8i 
4M£ttLED£^^5SffirM0-C*>ft. 

[06] 06J4. HJfimt/JtWJOM-f^^^L 
EDO«R-3tffi*Wtt*7i^^97"C*ft. 
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■ S i 0 2 *?X-7 , 




1 4 • 
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• • nil. 
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■ • pwm. 
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• • pMm«i (=&JSfl 


Si) . 


28 • 


• • p/N* y H. 




30 • 


• • nflSL 
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• - {gfifiU&Kfttt. 
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